Takaaki NOZAKl 

QCM SENSOR AND QCM SENSOR DEVICE 

March 29, 2004 

Alan J. Kasper 

(202) 293-7060 

Q80586 

I of 21 

1/21 



FIG.1 




0 — TA 



<!) — TB 



Takaaki NOZAKI 

QCM SENSOR AND QCM SENSOR DEVICE 

March 29, 2004 

Alan J. ICasper 

(202) 293-7060 

Q80586 

2or21 

2/21 



CM 

CD 




Jc?sSS^^^^^ SENSOR DEVICE 

March 29,2004 

Alan J.K-asper 

(202) 293-7060 

Q80586 

3/21 3 of 21 




Takaaki NOZAKJ 

Sh S ^^'^ '^'^ ^=^SOR DEVICE 
Alan J. Kasper 

(202)293-7060 

QB0SB6 

4 of 21 

4/21 



FIG.5 




Takaaki NOZAKI 

QCM SENSOR AND QCM SENSOR DEVICE 

March 29. 2004 

Alan J. Kasper 

(202) 293-7060 

Q80586 

5of21 

5/21 



FIG.6 




I 1 1 L_ 

37.9 38.0 38.1 38.2 

FREQUENCY (MHz) 



6/21 



, Takaaki NOZAKJ 

QCM SENSOR AND QCM SENSOR DEVICE 

March 29, 2004 

Alan J. Kasper 

(202)293-7060 

Q80586 

6of21 



12 SG2 



FIG.7 

(-SG1 



,SG5 SG7 SG9 
^11 I ^14b I ^15b 




17b 



SG6 



SG8 



FIG.8 



START 



MEASURE QUARTZ CRYSTAL 
PARAMETERS IN ATMOSPHERE 



I 



POUR BUFFER SOLUTION 



MEASURE RESONANCE 
FREQUENCY OF QUARTZ CRYSTAL 
RESONATOR IN BUFFER SOLUTION 



I 



ADD SAMPLE SOLUTION 

i 



END MEASUREMENT 



c 



I 



y 



S1 



S2 



S3 



S4 



S5 



END 



Takaaki NOZAKl 

Alan J. Kasper 
(202) 293-7060 
Q80586 
7 of 2 1 



7/21 




Takaaki NOZAKi 

Alan J. Kasper 
(202)293-7060 
Q80586 

8/21 



FIG.10 



c 



START 



SMO 



MEASURE ADMITTANCE 
CHARACTERISTICS 



I 



} 



S11 



ACQUIRE DATA OF 
ADMITTANCE CHARACTERISTICS 



I 



S12 



CALCULATE RESONANCE 
FREQUENCY BY USING METHOD OF 
LEAST SQUARES 



} 



S13 




DISPLAY PROCESS 



} 



S15 



c 



END 



> 



1 



S16 

"END THE MEASUREMENT?" 



No 



Yes 



Takaaki NOZAKI 

Alan J. Kasper 
(202)293-7060 
Q80586 

9/21 



FIG.11 



c 



START 



I 



OBTAIN INITIAL VALUES , 
LxO. CxDx RxD. CpO 1^-821 



CALCULATE AMOUNT OF 

CORRECTION |-^S22 

^-Lx. SCx. SRx. SCp 




UPDATE INITIAL VALUES 
LxD + ^ Lx — LxO 
CxO + ^Cx— CxO 
RxO + <y Rx — RxO 
CpO+ SCp — CpO 



1 



S26 



CALCULATE EQUIVALENT 
CIRCUIT CONSTANT 
LxO+ <y Lx— Lx 
CxO+ 5Cx-^ Cx 
RxD + 5^ Rx -+ Rx 
CpO + 5 Cp Cp 



S27 



ENDED 
ABNORMALLY 



CALCULATE RESONANCE 1 
FREQUENCY 1 
f AND Q FACTOR | 


1 


r 



END 



10/21 



Takaaki NOZAKI 

QCM SENSOR AND QCM SENSOR DEVICE 

March 29, 2004 

Alan J. Kasper 

(202) 293-7060 

Q80586 

10of21 



FIG. 12 ( START 

1 ' 



DETERMINE Gmax. fo. BO 
FROM PEAK OF B 



I 



DETERMINE f1 , f2. Bmax, AND Bmin 
FROM POSITIVE AND NEGATIVE 
PEAKS OF B 



S31 



S32 



CALCULATE EQUIVALENT 
CIRCUIT CONSTANT 



c 



END 



S33 



FIG. 13 ( START 



DETERMINE f1 TOf4 
AND Gmax 1 TO Gmax4 FROM J, C4i 
MAXIMUM VALUE OF G ^ ' 



CALCULATE Rxl TO Rx4 
AND 01 TO 04 FROM 4- S42 

RATIO OF Gmax IN ATMOSPHERE 



I 



} 



CALCULATE Cp FROM - 
f^RfKC^^ VALU E OF BA -J- S43 



1 



CALCULATE LxAND 1 
CxFROM F. RX. ANDQ J 



END ^ 



11/21 



Takaaki NOZAKI 

MaSS ^""^ '^'^ ''^^'^ 

Alan J. Kasper 

(202) 293-7060 

Q80586 

M of2l 



G,B 
(mS) 



FIG.14 







BA 



f1 f2 f3 f4 




37.9 



Gmaxi 

Gmax2 Gmax4 
38.0 38.1 
FREQUENCY (MHz) 



38.2 



26a 1 



FIG.15 

26a2 26a3 



26a4 




TA1 TB1 TA2 



) / 
TB2 TA3 

27 



J J J 

TB3 TA4 TB4 



Takaaki NOZAKI 

QCM SENSOR AND QCM SENSOR 

March 29, 2004 

Alan J. Kasper 

(202) 293-7060 

Q80586 

12/21 



FIG.16 




FIG.17 

26a1 



Takaaki N02AKI 

Marches ^'^'^ °^V.CE 

Alan J. Kasper 
(202) 293-7060 
Q80586 
13 of 21 



13/21 





FIG.20 



29b^ 



40 



PA 



A 



29a 



29c 



TalcaakfNOZAK] 

A^an J. Kasper 

(202)293-7060 

Q80586 

14 of 21 

14/21 




Takaaki NOZAKI 

QCM SENSOR AND QCM SENSOR DEVICE 

March 29. 2004 

Alan J. Kasper 

(202)293-7060 

Q80586 

15 of 21 

15/21 



c 



START 



T 



FIG.22 



PERFORM PROCESS WITH 
ONE RESONANCE POINT 



S51 




PERFORM PROCESS WITH 
TWO RESONANCE POINTS 



1^ 



S53 




PERFORM PROCESS WITH 
THREE RESONANCE POINTS 



V 



S56 




PERFORM PROCESS WITH 
FOUR RESONANCE POINTS 



S59 



C 



END 



1 



S55 



ONE RESONANCE 
POINT 



S58 



TWO RESONANCE 
POINTS 



S61 



TakaakiNoZAKi'* 

Sh '5^'^ S«*SOR DEVICE 

AlanJ.Kasper 

(202)293-7060 

Q80586 

•6 of 21 

16/21 




FIG.24 




X1 



X2 X3 X4 



Takaaki NOZAKJ 

QCM SENSOR AND QCM SENSOR DEVICE 

March 29, 2004 

Alan J. Kasper 

(202) 293-7060 

Q80586 

17of21 

17/21 



FIG.25 




ADMITTANCE 
MEASURING 
UNIT 



INFORMATION 
PROCESSOR 



3A 



DISPLAY 
UNIT 




Takaaki NOZAKI 

QCM SENSOR AND QCM SENSOR DEVICE 

March 29,2004 

Alan J. Kasper 

(202) 293-7060 

Q80S86 

18of21 

18/21 




19/21 



Takaaki N02AKI 

^"'^ ^^-^SOR DEVCE 

Alan J. Kasper 
(202) 293-7060 
Q80586 
I9of2l 




FIG.29 



26a 





1 




-—26 


26 


^^^^^^^^^^^^^^^^ 



Takaaki NOZAKJ 

Alan J. Kasper 

(202)293-7060 

Q80586 

20 of 2 1 

20/21 





Takaaki NOZAKJ 

QCM SENSOR AND QCM SENSOR DEVICE 

March 29. 2004 

Alan J. Kasper 

(202) 293-7060 

Q80586 

21 of 21 

21/21 



FIG. 32 





